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» Power corrections
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Motivation

(©

JADE analysis probes QCD 05 * JADE
at low energy scales Q
with state-of-the-art techniques o |

0.3

® |arge leverage for predictions:

0.2

PT effects « 1/log(Q)
NP effects < 1/Q (event shapes) o

00 20 40 60 80 100 120 140 160 180 200

® interplay between hard and soft QCD Q [GeV]
best studied at “medium” energies

® JADE provides unique contribution for the energy range 14-44 GeV

» ~1500 ... 35000 multihadronic events/energy point,
precise energy bins

® |EP FSR-Z° analysis technique

» O(500-1000) events/energy point down to <\s>=40 GeV,
coarse energy bins
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osat PETRA Times

1973 Concept of asympotic freedom
1979  Discovery of the gluon at PETRA

1979  MARK-J Coll.: First direct measurement o using LO for oblateness

1979+ ag=0.15... 0.23 @ Vs = 30 GeV based on LO predictions

1982 CELLO Coll., JADE Coll.: First “significant” measurements of o
based on NLO for thrust and differential 3-jet cross section

1982+ og(35GeV ) =0.11... 0.19 based on NLO predictions

Ol (35 GeV)
' e'R % MARK II (AEEC) 3
& TASSO (AEEC) < CELLO (means of evt shapes) . .
OMACER)  m JADE (enersy cep of R, ) ...iInconsistent results due to
0.20

---------- + > incomplete NLO matrix elements
15h-T-e- A > obsolete MC models
0.15 % %) éE [El [l.] % % @ %5

1 (1] L t

ocD:| y aabic S35 B 235 Summary value 1989:
ll:'lr:g:arll:- none Ali et al. Lund (X'S( 35Gev ) - 0'1 4 _l—_ 0'02

S. Bethke, LBL-28112 (1989)

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 Pedro A. Movilla Fernandez, LBNL

e lect




What's happened since PETRA

e LEP/SLC learned from QCD PETRA/PEP 1980's
PETRA/PEP experiences, now PETRA * QCD input for

in turn profits form LEP LEP/SLC LEP/SLC
® QCD predictions have drastically feedback for
improved since PETRA shutdown * PETRA
> Development of new event shape PETRA 2000 @ (M,)1989
variables with better theoretical e o
properties (e.g. infrared safe), also new [(Z%--> had.) [LEP] ho—
jet finders eie[sc.jalling. viol.] ——o—
€' e [4-jet rate] l-(]|4
» New theoretical perturbative predictions, jets & shapes 91.2 GeV 'S
e.g. resummed NLO calculations for ;ggizgggz oy 1 "IN
event ShapeS jets & shapes 172 GeV ~ —o——
) ) _ jets & shapes 183 GeV —Oo—
» New/improved hadronization models jets & shapes 189 GeV 70—
(Pythia, Herwig, Ariadne) Pt 016y o
. . jets & shapes 206 GeV —0—

» Novel analytical approach to describe OIS ST
hadronization (power corrections) 0.08 010 002 0.4
o S.Bethke: hepex/040721 0 (Mz)

Nucl.Phys.Proc.Suppl.135 (2004) 345
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The JADE Revival Group

e RWTH Aachen, MPIl Munich, DESY
S. Bethke, O. Biebel, M. Blumenstengel, S. Kluth,
P.A.M.F., C. Pahl, P. Pfeifenschneider, J. Schieck and J.E. Olsson
® Since 1998: 25+ publications/conference contributions based

on/involving the reanalysed JADE data

® New JADE results have been considered in numerous
publications from LEP collaborations / QCD theory groups

Lur. Plevs, I, C 1, AG1 478 {1988) THE EUROPEAN
PHYSICAL JOURNAL C

oo apringer-Verlag 1968

A study of event shapes and determinations of « using data
of e e annihilations at /s 22 to 44 GeV

P.A. Movilla Ferndndez', 0. Bishal', 8. Bethke!, 5. Kluth?®, P. Pfeifenschneider!, @DE Colla,'bora,tion>

. -] ber 201
H e JADE Note 116
ig PHYSKS LETTE4S b AL uog
s Aungusl 6, 2004
EETRIIEE Biysics Leners B 517 (2001 7746 ——— Measurement of the Strong Coupling Constant ag
i from the Four-Jet Rate in e' e~ Annihilation using
JADE data
Measurement of the longitudinal and transverse cross-section In
o i S
e’e” annihilation at 'VG =35-44 GeV J. Schieck, S. Khuth, S. Bethlig lovilla Fornandey, C. Pahl,

and (h@JADT Collaboralion

M. Blomenstengel, O. Bicbel, PA. Movilla Ferndndez, P. Pieifenschneider !,
5. Bethke, 5. Klath

< JADE Collaboation

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 Pedro A. Movilla Fernandez, LBNL




The Experiment



The PETRA e+e  Storage Ring

DESY, Hamburg
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The PETRA e+e  Storage Ring

Operated 1978-1986 at DESY, Hamburg

MARK-J JADE
(from 09/1978 (from 02/1979 on)

3YNCHHOTROH

DIZSY, 2 photons
J k ‘, Electrons {e)
L?NA{:EN* Lab1 \ hb Positrons {et)
N e W largest storage ring

DOIRIS N

& —_ at that time
TASSO *'/ R‘l \\\\\ L: 6. & ‘ - @ - 23 km
(from 09/1978 on) : _: Vs range 12-47 GeV

PLUTO (from 09/1978 on)
CELLO (replacing PLUTO from 08/1982 on)
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The JADE Detector

MAGNETDETEKTOR — 3 yoec

—  MAGNET DETECTOR

1 Strablrohrzdhler BFaM PRE CIURTERS LG Calorlmeter MUOI‘\ S Stem

@ Endseitige Bleiglaszahler £hD PLUGLEAD BLASS COUNTERS //

i Drucktank PREsSURE TAR

Myon-Kammern b0y CHAMIERS
Jet-kammern JE7 CHAMBER!
Flu%zelhzéhler TIMEIF 130T FIURTERS
Spule to ] =
Lentrale Bleiglaszahler ceiRaLLcanoLss oER: |8
Hagne*tljuch MAGHLT 04T
Myon-Filler MudK FILTERS ;
HeweFlicher Endstopfen REMOVABLEEND FLUG |
Strahlrohr BEAM PIPE
& Vorwirts-Detektor |A6GNG CoNIER [~
% Mini-Beta Duadrupol MINI BETA QUADRUPILEqg
15 Fahrwerk MOVING DEVICES /u !
i ; 13-

I

Jet Chamber

Gesamtgewicht i wegir:~1200
Magnetfeld machenc fieLo: 05T &
- Beteiligte Institute PARTICIBANIS : | =
DESY, Hamburg, Heidelberyg, ' . _gi b e
Lancaster Manchester, s

Rutherford Lab., Tokio

120 collaborators from JApan (Tokyo), Deutschland (DESY, Hamburg,
Heidelberg), England (Lancaster, Manchester, RAL), USA (Maryland)

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 Pedro A. Movilla Fernandez, LBNL

ZER



C.M.S. Energies and Luminosities

Ly [nb™]
; P I R I | VR TR | ! ) I R | I T T [ L L
\jS [GeV] IR RaghoEy L7108 i Integréted Lumiénosity |

15

50 1 | | 1
! scan periods ALy IR
| (top quark search! S — 1 10
40 Lo ¥ ,,,,,,,,,,,,,,,,, il P
i B | | (. |
T HE /o

30 :;“mfpﬂuhm$, ......... ,§ ...................... I — é ................. S A - ; ...... ]

JADE 1979-1986 :

Ll l\ll]lt

w
ul
=l
|_\
O
w

.................................................

II[IH] L IIIHIII

[
(@]
N

40 .;O
Vs [GeV]

- T
'_\
=
O
w
(o

20 [ B fixed energy runs [§

140 | | 1 ® 216 pb'total integrated
| : ‘ | luminosity collected by JADE

A
157 1 1981 1982 1 19684 1 1 . .
iy T980 98 98 983 1948 985 1986 ® Peak |Um|nOS|ty: 24 Mb'1S'1

Date .
= 26 multihadrons per hour

dead cells LG blocks vertex chamber FADC
replaced replaced z chambers installed
installed @ ocMd=0.3 nb

various detector upgrades ® = 43000 “clean” multihadrons

10 L
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1 beampipe chamber (counters)

2 end plug lead glass counters
3 pressure tank
& muon chambers
HEHNE 5 jet chambers
6 time of flight counters

7 coin

8 central lead glass counters
9 magnet yoke

10 muon filters

® Inner Detector: Magnetic field Izt

ing counter
14 mini beta quadropole

(~0.5T), pictorial drift chamber, 1 mowng Gl
vertex chamber, Z chamber, TOF
® EM Calorimeter: lead glass
blocks, barrel+endcaps
® Muon Detector:
drift chamber / absorber layers
® No hadron calorimeter

ELECmOMAGNEnc\ i MUON CHAMBERS
CALORIMETERS e eI
O et
- TIME OF FLIGHT
- anD PRESAMPLER
L EEN
|

. 1| ___—z cHameers

~ Concept very similar
[T =g (Jet Chamber, LG Calorimeter)

I~ verTEX chamBER

® operated 1989 — 2000 at LEP
® s range 91...209 GeV
== e collected O(108) multihadronic

| OPAL events

— vy
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JADE Resurrection



Recovery of JADE Data ...

® Qriginal data were located at
» IBM mainframe at the DESY computer center
» |IBM tapes at DESY and Heidelberg U.

e DESY IBM closed completely in July 1997

» |ast-minute transfer to “modern” data carriers
(IBM/EXABYTE cartridges) and computer platforms

® Data organized by “antique” data management system
BOS (version 1979)

® Raw data rebuci/rebuc2) converted into FPACK format
(platform independent)

e Multihadronic data sets (ze4v ~ "mini-DST”) converted into
ASCIl format — used for current analyses
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Recovery of the JADE Data

“However, not all D JADE luminosity files

information were & RUNS BEAM BARREL LUMINOSITY

13856 13866 20.8640 0.474029E+02 +- 0.779300E+
. . . igg? 13872 20.855 0.538850E402 +- u.aslwqg—»g}
ava”able in electronlc ° 3 13885 £0.870 0.71948GE407 +- 0.961650E+01
13886 13895 20.835 0.69G769E402 +-  0.945661E+0]
f 13896 13906 20.900 0.579792E+02 +-  0.864303E+01
\Ormat". 13907 13919 20.915 0.516098E+#02 +- 0.816022F+0]
13920 15931  20.930 0.555588E402 +- 0. 847264FE+01
& 13932 13961  20.945 0.G65800E402 +-  0.776333E+01
13962 13953  29.960 0.285056E+402 +-  0.607743E+01
13954 13963 30 .975 0.609841E+02 +- 0 .389545E401
. 13966 13973  20.990 0.51974GE+02 +-  0.321787E+01
convert it to = 13976 13980  21.005 D.G4240GE+02 4~ 0.758717E+01
13981 13989 21.020  0.508176E+02 +-  0.813734E+01
A L By

, . ; .77093BE+02 +~ 0. +
electronic version @ 14011 14021 21.065 0.667339E+02 +- u.%ggéﬁg-}g%
14022 140351 21 080 0.497930E+02 +~ 0.807749E+D1
. e nwm cnend. bl

: 69932GE+02 +-

y nhan @ 14055 16065 21 . 12% B aayecabtaz 4+~  0.2100108%0]

® Also preprocessed JADE detector simulation samples
(ZE4V) available, but:

» not for all relevant energy points (only 35 and 44 GeV)

» older generators
» simulation parameters not well documented

® For more/better MC samples reactivation of JADE
software necessary!
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Revival of the JADE Software

Programs:

® Detector simulation
detailed particle tracking, detector response, inefficiencies, resolution

® Event analysis software
pattern recognition, cluster analysis ...

® JADE interactive graphics
event display, event analysis, event editing

® Multihadronic event filtering and packing software

Source code:
® Code fragments from 1974
® Mixture of different FORTRAN standards (FORTRAN IV, FORTRAN 77)
® “lllegal” IBM specific extensions
® Ancient pre-compiler code (SHELTRAN, MORTRAN)
® |[BM/370 assembler code
...extremely unstructured, badly documented “spaghetti” code
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Revival of the JADE Software

® “Historical/archaeological” research work using old JADE
notes, PhD theses, manual fragments, source code comments.

® Code modification, emulation interfaces for missing libraries
(e.g. graphics), obsolete FORTRAN dialects, etc.

SHELTRAN FORTRAN 77
MORTRAN
IBM Assembler

IBM FORTRAN > CERNLIB

DESYLIB
Plot-10 Terminal

Control System ::::i::>> PAW/HIGZ
® Platform dependencies extremely problematical

» Bit/byte manipulation of data words
» Access to BOS banks not in units of a fixed word length (4 bytes)
» Byte storage order (IBM is big endian, PC is little endian)

® Complete installation successful on IBM RS/6000 AlIX (same
endian scheme as IBM/370) with XLF compiler.
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JADE Event Display e R o

DEN me3bold 5
BEAM 17 500 GFY  FIFLD —4.849 XKC TALC 0039 DATE 19/04/00 T ME 17 18.24

0 810 810 MONTE CARLO R-F1 SECTION T1A DBO2 TIP 4101 T2C OOBY| CAMAC TIME 1. 1. 1 17/ B/198¢

IDHITS 853
ELETOT 15047 JADE

ol e LA \ ' [ /] / [T RERRRRERE T TR T

LGCAPS 150 D
FWCAPS O c \ FR 7 ‘

Jet chamber /
vertex chamber
hits (incl. R/L
ambiguities)

LG calorimeter
energies

TOF hits

dE/dx meas.

Simulated JADE event, Pythia e*e’>qqg @ Vs = 35 GeV
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JADE Event Display

DEN me3bald
BEAM 17 500 GFEY FIELD —4.849 KC TALC 0039 DATE 19/04/00 T/ME 17.12.03
0 810 810 MONTE CARLO R-F| SECTICN T1A 0802 TIP 4101 T2C CDEO CAMAC TIME 1. 1. 1 17/ 5/198H

IDHITS 853
ELGTOT 15047 JADE

MUHITS © E T [ I :

LCCYL 14897 - €D TraCK
LGCAPS 150 D |

FWEAFS O C

O\ A ks S F reconstruction

aakk LOOL 1 MR OF CLUSTERS 14 | . . S - Ve rtex fi nd i ng

VERTIGES

\.
1 FLAG 3 NTR 17 CHI/ANDF  30.70/29
Are o.4 o4 -2.3 ‘\

2 FLAG 4 NTR 2 CHI/NDF  0.00/ )
X2 7.2 122 -2
3 FLAC &6 NTR 1 CHI/NDF  ©.00F-1 - |
i 1 ¥

LG cluster
analysis

¥¥Z -23E.5 -016.3 —-371.9

4 FLAG 5 NIR 1 CHI/MNDF
Xrg —2i.1 33,9 —430.86

5 FLAG 5 NTR 1 CHI/NDF
XYz -516.Z 211.3 -0.7

svs SIME (CEV) ++s PTOT 20.037 PTRANS 1B.012 PLONC  B.405 CHARCE -2
TOTAL CLUSTER ENERGY 16.617 PHOTON ENERGY 6. 162 NR DF FEOTONS 5

Original display was monochromatic!
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JADE Event Display

DEN me3bald

¢ 810 B1O MONTE CARLO R—F| SECTICN

IDHITS 853

ELGTOT 15047 :
MUHITS © ivRe
LCCYL 14897

LGCAPS 150 D

FWCARS D G

FATR 10 KR OF TRACKS 27

BANK LECL 1 NR OF CLUSTERS 14

WERTIGES

~
1 FLAB 3 NTR 17 CHI/NDF so.mfze;A *
xvz 0.4 B4 -2.3 IR

2 FLAG 4 NTR 2 CHI/NDF 0.00/ ~ )
Wz -172.2 122 1.2 fie
3 FLAG S NTR 1 CHI/NDF 0.0 - |

¥¥Z -23E.5 -016.3 —-371.9
4 FLAG 5 NIR 1 CHI/MNDF
Xrg —2i.1 33,9 —430.86

5 FLAG 5 NTR 1 CHI/NDF
XYz -516.Z 211.3 -0.7

BEAM 17 .5D0 GEV

FIELD —4.848 KG TALC 0039 DATE
T1A 0802 TI1P 4101 T2C CGDHBY CAMAC TIME

19/04/00 TIME

sxx SIME (CEW) wxw FTOT 20.037 PTRANS 1B.012 PLOMC B. 4098 CHARCE -2

TOTAL CLUSTER ENERGY 1B.817

PHOTON ENERGY  B.152 NR OF PHOTONS 5
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17/ 5,/1985

Underlying
generated
particle
configuration
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JADE Event Display

DEN me3bald
BEAM 17 500 GFEY FIELD —4.849 KC TALC 0039 DATE 19/04/00 T/ME 17.12.03

e MONTE £aRlo Rl SECTICN _ T1A D802 TIP 4101 TOC GORO CAMAC TIME 1 .1 17/ 5/1988

IDHITS 853
ELGTOT 15047 x
MUHITE O JADE

corl_ the7 : * N > Zoomed section

| of underlying
\ ot generated

4 particle

| X configuration

1 FLAG 3 NTR 17 CHI/NDF 30,7
Are o.4 o4 -2.3

2 FLAG 4 NTR 2 CHI/NDE 0.0
iz 7.2 122 1.2

3 FLAG S NTR 1 CHI/NDF 0.0
X¥Z —2IH.5 -016.3 -571.9

BANK LECL 1 NR OF CLUSTERS 14

4 FLAG 85 NIR 1 CHI/NDE 0.0
XrZ —275.1 -33.9 —480.8
5 FLAG 5§ NTR 1 CHIADRE 0.0
Xz -B16.2 211.3 -0.7

svs SIME (CEV) ++s PTOT 20.037 PTRANS 1B.012 PLONC  B.405 CHARCE
TOTAL CLUSTER ENERGY 16.617 PHOTON ENERGY 6. 162 NR DF FEOTONS 5
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Performance s a0
Jet Chamber ﬂi“hdg,

dNN | dNN | | dN/N HEf“I“iB
Example: 015 - st
New, E s, p, s [T,
005 0.05 14 GeV
(1981)
e JADE simulation with
OPAL LEP- tuned
event generator 00s | 35 GeV
' (1982)
® generally good H o2 b
description of data 0
from 14'44 GeV 0.05 |
e 35 GeV
(1986)
| 005 | 44 GeV
(1985)
9 o 0.5 lEl:fh Ihll[:' 4] 0.2 o4 p[ch];:?s

vis 1=t
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Event Shapes In
e*e” Annihilation



Hadronic Final States

Cross section for ete- — hadrons

|
m | |
, CESR DORIS |

|II:I | l"-.l'-
LR
10* =\ pgp PETRA | \
i TRISTAN / i dEls = 040
| 3 h -\-1-\-_
107 = . F—.
= t *1\
— - . - B - .q =
— :1.:—_} + :-'t _}rr rr Bt - . .
i H — Yels = 0.85 *%s
]_D ||||||||||||||I||||||||||||I-I--I||||I||||||||||||||

0 20 40 &0 B8O LDD 120 140 lE.L'i L&D
Vs [GeV]
® ¢hd(PETRA)=0.2...3nb =1/10 ... 1/100 oM (LEP 1)
® Hadron production at PETRA energies mainly via e*e'—y*—qq(g)
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Multihadronic Data Sets

Main selection cuts: " By EL T E
= 4 tracks from vertex region 0 (|| S
= 3 “long + good” tracks i F|
= visible energy > 0.5-Vs - |
= momentum balance w ||| T /m
|sz|/Evis< 0.4 100 - :
* missing momentum < 0.3-Vs © ;e
. |COS ®Thrust|< 0.8 e
Very clean samples, \/s-range data taking £ (V5| MH
residual background = 1%; |V pefiod pt ] |[[Sed] | St
14.0) Jul-Aug. 1981 146 | 140 | 1734
= ee—~eeyy 22.0 Jun.~Jul. 1981 241 | 22.0 | 1390
= eteT > T T 33.8 — 36.0 |Feb. 1981 - Aug. 1982 | b1.7 | 346 (14372
35.0 Feb.-Nov. 1986 92.3 | 35.0 |20925
38.3 Oct.-Nov. 1981 8.28 | 38.3 | 1587
43.4 — 46.6 | Jun. 1984 - Oct. 1985 | 288 | 438 | 3940
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QCD in et*e- Annihilation

hadronization

Photon
brems-
strahlung

(ISR) l

e+

annihilation &
bremsstrahlung

parton shower

>¢T'J’Z°

=

-

nnnn
-------

hadronisation

_________.—-—-‘
T
—_—
—
__________-—-'I'
E‘-—-"“-*
"
n.—-—'-'--.-
P
e —
S—
parton shower MC hadrons
fixed order o, ! models !
+ logarithmic approx. i power
icorrections

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

Various theoretical
approaches to describe
parts of the process:

PT QCD:
> O(og?), NLLA, ...
> Parton shower MC

NP QCD:

> Phenomenological
hadronization models:
string fragmentation,
cluster model

> Analytical power
corrections
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Hadronic Event Shapes

Quantify the event topology

by a single number.
Example: “Thrust”

> 15

1

T =max ~
i Z |Pi|
thrust axis
: \5 o small
q dw : # 9 A -
T=1 2/3<T <1

Ol

o large
rd

2jets 3jets

parton level RS
hadron level :

Number of events

0.5
1-T

Event shape variables are important tools to probe PT and NP effects.
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More Event Shapes ...

R

D MR = (E E.] ( fj') hemisphere
. ‘ i JEH masses
....defines two '

. - T T
hemispheres™ #, ~ .. 12 2 .
B, = A . k= 1,2 hemisphere o

ys

.".’ Ez |f;||
e ® i

Heavy Jet Mass M,

max({ M7, M3)
(2 B P

= 3 <sin6’jj>: average of the momentum

§ weighted angle between pairs of particles
s _ milpfei)/ | 9 g P P

i [ I i -
% = |7 o, =123 o Calculate eipenvalues A; from
i linearised momenbum Wnsee.

Oy = 0+ Oy
Byw = max(B,, B;)

My =

C = 3(Ade + MAz+ Asdy)

Differential 2-jet rate y,  (Durham scheme) Y,, 18 value of y_ for

which event switches
from 3 jet to 2 jet type

2 min( B2, Ef“:l o8 ) e Define jet resolution parameter tig-

(X E)? o Combine particles i, with smallest gy into
AR (o) 1 der(g1) paeudo par.Li.f'lr'S and prmm.l until 5';,‘, > Yeut
= — = for 2 remaining pseudo particles ("jets™).

iy —

LS LT o iy
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(o [ (=Y (o] g [2XV/=)

M C M d I Vodo/d(1-T) Vodo/dB,,
o e S - * JADE (14 GeV) i * JADE (14 (I}e\’)

10 |-

0T R i
® PYTHIA/JETSET e
LLA parton shower + [ F Moy -
string fragmentation = ]

e ARIADNE

colour dipole scheme +
string fragmentation

e HERWIG

MLLA parton shower +
cluster fragmentation

® COJETS

LLA parton shower +
independent fragmentation

pn
=
=

oy [ |

=
* JADE (35 GeV)

0 § I | T !._,. I
- * JADE (44 GeV)
10 - — Pythia
- | | Pythiabb
MonteCarlo+ = [[fL - Jetset(d)

JADE simulation reproduce L = Hervis
multihadronic data! |
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Correction Procedure (1)

bb subtraction at detector level

® about 9% fraction of hadronic final states Pythia e+e- —bb, 14 GeV

® fakes hard gluon radiation due to
electroweak decays + mass effects

... freated as “background” in view of
later comparison with “massless”
QCD calculations

/ v AN
1/6dc/d(1-T) (detector level) ! i
' : e JADE (14 GeV) ki
— Pythia P \
" Pythiabb ,l:/“fz""‘ % L
..... Jetset(‘]') - - - - I -k II
.......... Ariadne ..- Ib $€,¢f{/ - g,
-+ Herwig Vi \
W
1 ".".".".*.".".".". \\\\\\\\\\\\\\
W
N
N
e W
=" \\\\\
| N\
i " W
|
10-15..I..I_|.I..

2l " ajet o
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Correction Procedure (2)

® Detector effects, MH selection
limited resolution, acceptance effects, secondary processes

e Photon ISR

Bins (Hadronniveau inkl. ISR

— -
= th

Bins (Detektorniveau)

W’

|||||||||||

=

ot

=
tn

(

lfcdo'}'dBT
=y =% =]

[ o]

——f—
Matrix

R;q-} < Bin-b_v-Bin{
0 ]ﬂé (14 GeV)]

I~

0 L

pure detector effects
(matrix correction)

ISR correction
partially compensated by

(14 GeV)

Check:
Herwig MC
unfolded
with Pythia

detector effects)

<

(35 GeV)]

JADE MC (Herwig)
corrected

j

Herwig hadrons

_5 e
] total bin-by-bin z b
] correction <’
= |t
25
5 00 .

consistent “hadron levels”

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005
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UGdG/dBT

r Physics” Data TS \/ b

Comparison with MC models:

- -1 . |
PYTHIA (LEP | tune) o [T TR ] Prgrtrer bt g
> good overall consistency 1 &
HERWIG/ARIADNE 1 T
> moderate at 14+22 GeV, better at - ’\% |
. : N e ‘:-_‘ 4, _:0 Si
higher Vs ot 1 \ |% N |
JETSET (JADE optimization) 0 o) [T e
> good at 14+22 GeV, slightly worse oK
at higher Vs 1 i 1
COJETS 13
> disfavoured at 14+22 GeV, remains 1| \ s sk s T
worse at higher Vs ; perreert e N e e ==
10 ADE (44 GeV) —— standard correction

=7 1| 7. W—
- iy ne E
: eLs

Event shape become more and
more “2-jet like” at higher energies:

> running of o
> hadronization effects
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Determinations of O



QCD Predictions

y=1-T,M, B, B, C, y,, - infrared and collinear safe

Cumulative predictions R(y)=/"dy’1/c-do/dy’: N'-A | NLO

I. NLO: describes “hard” gluon contribution
R(y)= 1+ A(y) o + B(y)-a
Problem: divergent for y—0 (2 jet region)

dR(y)/dy

Il. NLLA: describes “softer” gluon contribution

R(y)= (1+C a4 + Cyro) exp{ Lg;(asL)+g,(al) }

y
..collects large logarithmic contributions oL = L=log(1/y) -§
= much better convergence for y—0

Problem: not designed for 3 jet region %
lll. Matching: NLO + NLLA, e.g.: In(R)-matching

In(R(y)) = Lg,(osL)+g,(osL) subtract incomplete 2™
- (G,,L+G,,L?)-a, - (G,,L+G,;L2) 0> <«— order contribution

+A(y) o + [B(y)- V2 A(y)7-o? <—replace by complete NLO
...avoids double counting

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 Pedro A. Movilla Fernandez, LBNL




10

1
10

10

0 01 02 03

/o do/d(1-T)
+ JADE (14 Ge\f’l)

¢ JADE (22 GeV)

4 JADE (35 GeV)

¢ JADE (44 GeV)
In(R)

R

O(I:(ij, xp=1
O(I:(ij, Xy opt.

0.4
1-T

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

Pythia

~ Jetset (J)

Ariadne Herwig
Hoo ydok
taentan, "o o L]
0.1 0.2 0.3 .4
1-T

og-Fits

® o isonly free parameter
renormalization scale factor fixed:
xu=u/\/s =1

® Perform hadronization correction of
cumulative predictions R(y)

S ey hadronization correction
R e . and x*dependence of fit range

Fit curves:

® Typically: x?/d.o.f. =0.5...2.0
® Stable fits
® Hadronization correction increases

drastically for Vs —14 GeV

Pedro A. Movilla Fernandez, LBNL



1-T JADE .. A ot JADE e JADE
a’s R e S u I ts M. (14 GeV) (22 GeV) - top.: (34.6 GeV °82)

. R ookt
B, e B e o S ER—T S —
® Results agree within By e e S
1-20 of exp.+stat. errors M S . i B
..much better consistency e S5V e N e
than old PETRA values LT imios  JADE  iei. JADE | ie.. JADE
® Dominant errors: M, 1oy (35 GeV *86) e, (383GeV) .. (43.8 GeV)
» Renormalization scale * " N | )
BW Ha s 4 e B et
(x =0.5...2.0) - TR N | |}
..uncertainty o | & B
significantly reduced 0.12 0.14 0.16 0.18 0.2 0.12 0.14 0.16 0.18 02 0.12 0.14 0.16 0.18 0.2
w.r.t. NLO % o o
> 14+22 GeV: (/%) [GeV]|as(/s) | fit error | exp. hadr. |higher ord.| total
hadronization, mass o R B L i SR
’ 22.0 01513  +0.0043  |+0.0101| TH-05%E | HB-8144

effects
’ +0.0086 | +0.0114
34.6 ('82) [0.1409 |£0.0012|£0.0017| £0.0071 00057 | 00003

35.0 ('86) |0.1457 |£0.0011|+0.0020| £0.0076 | TO-0096 | +0.0125

38.3 0.1397 |+0.0031 | +0.0026| +0.0054 | T0-3084 | +0.0108
438 0.1306 |+0.0019|+0.0032| +0.0056 | TH-0068 | +0.0096

ot (M,)= 0.1194+ 0.0020(exp+stat)+ 0.0051(had) *50s; (theo)

-0.0041
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Test of the Asymptotic Freedom

Olg | | o
0.2r { JADE .
\ % other experiments
~ “\£ (e"e” event shapes)

0.15 B N
: -r»-i?l:-:-::';ﬁ___' o
0.1 SRR
—— QCD: 05(M,) =0.1183 £ 0.0027 |

® ogz has been “homogeneously”

determined from LEP 2 energies
down to lowest PETRA energies

This is the first measurement at
14 and 22 GeV

PETRA points increase
significance of QCD test
substantially

10 Y 50 100 200

Bethke: hep-ex/0211012 Vs[GeV]
1 ;'?1 Ini 1 ﬂf 2 ;'?2
) Y ¢ ok P . W N G Y G Y
as(vVs) =57~ Az * B [33{ Ci=hi=1) g
[ =In(/8/As5)
B = — (33— 2N))
ST
1
B = —— (153 — 19N
1 24'”_2 { f}
By = ! (77139 — 15009y + 325N7)
72T sappge \ T T T T »

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

QCD fit, exp.+stat. uncertainties
(inner error bars):
Ays® =246 £7 MeV
og(M,) =0.1210 +0.0006
P(xd =75%
“og= const.”, total errors

(outer error bars):
P(x =1.1-10°

Excellent agreement with

»~ QCD expectation for running of o,
world average value (NNLO)

Pedro A. Movilla Fernandez, LBNL



Moments and 4-Jet Rates
(JADE & OPAL)



JADE/OPAL Analysis Framework

e JADE Revival Group has established a “homogeneous”
technical framework to analyse multinadronic final
states measured by JADE and OPAL.:

» Data/MC reside in almost identical PAW ntuples

» Master analysis program reads JADE and OPAL ntuples
and generates all histograms needed (performs event
selection, correction of detector effects, etc.)

® (Goal for future analyses:
» Consistent study of systematics

» Consider correlations between the two experiments as
much as possible

» Apply LEP-QCD Working Group method to combine
results of different experiments

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 Pedro A. Movilla Fernandez, LBNL



Moments of Event Shapes

e o analyses of differential distributions compares theory

with data only in restricted kinematical regions.

® Complementary approach: Moment analysis
...probes all available phase space

nth moment of event shape distribution:
1d
< > f y ——Gdy

® QCD expectation obtamed by fuII numerical integration of

NLO ME over phase space: _
P P (y"=A a_+B o 2
JADE and OPAL have analyzed 1% ... 5" moments

A

ICHEP '04 #5-0502 ICHEP '04 #5-0527
hep-ex/0408123 CERN-EP 04-044
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<(1-7)"> <M > <C™>
T T T

1 F—PYTHIA - 1
F 4 09 | y
| HERWIG | o3 | Preliminary

ol  JADE

£S5 -
g 5.
g0 L
$ g
%5 Es _______________
0 0 |
14 GeV
5 5 | 14Gev i

(MC-data)/error

OPAL

(M=)

(C?

(1-T)%

1 _— T T I—: 0.6
| — PYTHIA
---- HERWIG :

os | OPAL

04

= Tecleits T 12 B e o e
1 2 2 197 Gev 7 2 2 [ 197 Gev 7

] e I

= fadl Qs e TR e —
2 2 T 3 2 T
O]_o 1 | | I 4 O]_o 1 | | I =

= 91 GeV = 91GeV

0 |sascsnamnamsan pikmas

el I R T B e 8 L LI el Y T e NS (| N ol N N N B L
1 2 3 4 5 1 2 3 4 5 1 2 3 45

Generanlly good aggreement \;vith MC predictions (PYTHIA, Ariadne)

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005
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O from Moments

® QCD expectation fitted individually to
\'s evolution of the moments
> O increases with order n

7
» n dependence of o is correlated f w
with size of NLO correction K=B /A_
e o combination (JADE and OPAL
separately as yet):
» consider only converging fits of 0
those predictions with NLO term |
K a/2n| < 0.5 — 17 observables °|

» calculate weighted mean:

(VY
‘XS(MZ):Z W; &g Wizzzj((v,—l)).

V' =V’ ”(stat)_l_ V' ”(exp)_l_ V' ”(had)_l_ V' ”(theo)
if ] I Iy Iy

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

<(1-T)™ <C"> By <Ba> Ay, <My

60 |-

40 -

rTrrTrrT 1T T T T T T T T T T T T T T T T T T T T

123451234512345123451234512345
PT predictions with a
“good” convergence

Pedro A. Movilla Fernandez, LBNL



O from Moments

JADE (preliminar OPAL (prellmlnary)

<1 <> B B> (y _,,)“> <MZ> ((1 TJ"> (C> (B> ((yB)"> (M
[ T

OPAL

ot (M)

JADE

Prellminary |

017 |- —

g 30
N J ““““ i ; H ......... ol

0.1 - - 011

hep-ex/0408123 | °' £ CERN-EP 04-044 e
1|2|3|4|511|2|3|4|5!1|2|3|4|511|2|3|4|511|2|3|4Isl |2|3|4|5 123451234512345123|4|511|2|345 2.345
n n

o (M;)= 0.1286 + 0.0007°¢' £ 0.0011°*P WMo (M,)= 0.1223 + 0.00055%'@' + 0.0014°*°

+ 0.001 ghad +0.0054  theo

had th
+ 0.0022"a° +0.0068'"¢° -0.0036

® consistent with world average
® 0 from fits of NLO (with p=Vs) to distributions tend to be large as well

® remarkable: theoretical uncertainties are almost competitive with
NLO +NLLA analyses of distributions
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Ol from 4-Jet Rate

® Measure number of event with 4 jets as a function of a jet resolution
parameter y_  using the Durham scheme

NLO prediction O(a_?)...

o, Cp
21

...matched with NLLA

2

o —'e(ycu)
R4<ycut)= . Jo_[ [ =
tot

Rach _ pNLLA o Cp
2T

{ _—

Durham algorithm

LO/NLO coefficients from integrat ME " B
of ME for e*e” — qdgg, qdq'q’ = L
LO/NLO coefficients of NLLA prediction . §§t+:<2

s=(91.187 GeV)’

® Scale uncertainty 55
3 .
AR, (xu) < a.° log X, ;

0.l —

oD O Y O N O
33 3.0 25 2.0 -1.5
logIO(Ycut}
UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005 P ewiu oy wenand@z, LBNL



4-Jet-Rate

4-Jet-Rate

Data vs MC Model

JADE
14-44 GeV

ICHEP '04 #5-0498
hep-ex/0408122

o
&

SR B S | "\E"4‘_
#
JADE -% 2
i £ o
ai Preliminary Lé-: 2
z |
04 | 14.0 GeV
03 * Data
— Pythia
02 |- Herwig
Ariadne
01
g -5 4
10 10
0.6 e oy
#
JADE -% 2
i £ o
ai Preliminary Lé-: 2
E 4L | l
0% 10" 10° 0? w0
04 | 35.0 GeV s

10

107

17

10!

ymt

- ® Single event can contribute
to several bins

® Complete covariance matrix
needed for a._ fits

Hadron level data

VS.
MC predictions

® (Good agreement between
data and MC model

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

ICHEP '04 #6-0600 OPAL
91-209 GeV

= a
2 #
0 g
B4 OPAL 7
A Preliminary &
T 04 8]
g E 1 1
5 2 3 5] Kl
035 | 91GeV 0 07 w07 w0
03 < Data
025 — Pythia
02 - Herwig
L Ariadne
01
005
0 . o] ¥
107 107 107 w? 0t
o 05 S RR
& &5
e OPAL &
T Preliminary g,
T 04 E o
0.35 198 GeV 5
o * Data
82 — Pythia
02 - Herwig
e A Ariadne
01
005
0 S — L
107 10 107 10 10!
ymt
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Ol from 4-Jet Rate

® Hadronization correction to parton level ——»
e Fit with o as only free parameter

e Fit ranges: - =

» region with moderate hadronization uncertainties .| e
» stay away from too lowy  values g k]
(region dominated by events with more than 4 jets) 35 GeV

T T T T T T

T T T T T T T T TTT

OPAL 91 GeV
Preliminary

4-Jet-Rate
_C) -
H in

=
=

JADE

=3
%

Preliminary

&
l

35.0 GeV

=]
5

0.2

0.15

0.1

0.05

s STHETL| L — ey |
10! 0 10

ycut
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hep-ex/0408122

a, from 4-Jet Rate <. ;="
' a% © Durham 4-Jet Rate
® Combine results using " * OPAL (preliminary)
weighted mean method AT AN
(JADE and OPAL separately -
as yet)
® Skip JADE point at 14 GeV o
because of hadronization oi | JADE
uncertainties 0.09 Preliminary — 0 (M,)=0.1182+0.0027

25 50 75 100 125 150 175 200
Vs [ GeV ]

JADE (preliminary): OPAL (preliminary):
o (M;)=0.1169+ 0.0004stat + 0.00128xp o (M,)=0.1208% 0.0006%tat + 0.0021 &xp

+ 0.0021Mad + 0.0007t"e° ) + 0.0019"ad +/0.0024theo )

® Small renormalization scale uncertainties indicate “small”
missing higher order contributions
(AR, (xu) might depend on fit range)

® in excellent agreement with world average
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Power Corrections



Power Corrections a la DMW

® (Classical method to estimate NP effects: MC models
Problem: numerous parameters (parton shower, fragmentation)

® Promising alternative: Power Corrections (PC)

|. Parametrize unknown but analytical
behaviour of the strong coupling
constant around the Landau pole

A (0...2GeV)

My

ao(u1)=if &g (u)d p

H; o

> integrates over all NP details

5 I
L OLPTHOLNP |
E s

» L separates PT and NP region (usually pu =2GeV)

Il.Dokshitzer, Marchesini, Webber (DMW):

NP structure due to soft gluon radiation at u= A

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005
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DMW Predictions for Event Shapes

NP: general structure

() = (W' +D,P (means)
d dett
é{y} = Zy (y — D,P) (distributions)
90y Ty — 3,230 (K
P 2 O )— as(pur) — H - (ln #1+.ﬂn+1)

TIIIIIIIIIITITITII
o, (2G=V)=D.5
o (M_)=0.12
=) 4

/

B’l’

In(1/y) + Dy, as(y@))

PR N LA N TN TN TN (RN TN S TN [N

By

1In(1/y) + Dily, os(y@))

y,,: ho 1/Q contribution expected

* «,listheonly NP

parameter

* 0, Is “universal’

NLO+ NLLA, different matching schemes

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

Pedro A. Movilla Fernandez,

gt

H s

LBNL



® Global fit of PT+PC to overall
event shape data from JADE
and measurements published
by other experiments at
PETRA, LEP, SLC, PEP,
TRISTAN

® 2 free parameters:

o (M), ot (1)

Accelerator Ve (GeV] 1 =T My |Br, By, C
PETRA {.L‘-"LDE, TJ‘-"LSSD} 12-47 102000 43700
PEP (HRS, MARK II) 29 28300

TRISTAN {AMY) 55-58 1900

LEP I (ADLO") 91 O(10%)

SLC (SLD) 91 37200

LEP II {ADLO*) 133-189 15600

analysis covers the energy

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

range 14-189 GeV

B OPAL 189 GeV

4 L3189 GeV

¥ OPAL 183 GeV

| © DELPHI 183 Gev
1-4] o L3mcev

" |~ & oraL172Gev

) 1 ¢ DELPHI 172 Gev
L & L3172 GeV

_ ] | + oraL161Gev
“|~4| @ DELPHI 161 Gev
. B L3161 GeV
T1-H a opaL3Gev

" 4| v DELPHL133 Gev

0 L3133 Gev
“|t~| O opaLsL Gev
21| A ALEPHOLGev
14| ¢ DELPHI9LGev
“aH e LaonGev
2 * SLD9LGeV
4 | ® JADE# GeV
wofa"] m JADE38 Gev
| 4 JADE3S Gev
. ¥ JADEZZ GeV
| © JADE 14 Gev
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Tests of the DMW Model

" lflcr .d(.ﬂ'.:lBW

e Model works well for T, C, B _ 4 \\ o

® DMW predictions for the less ;o1 ;n%;‘r e
inclusive variables M., B | 1 ?\\ jfj_'_'--.'fiﬁj'--.._,_ Toramen
have problems at PETRA T
energies:
significant excess in 3 jet
region
(but: also problems with PT
part of B )

1" 1 b L31s3 Gev
k| A oPAL17ZGev
B ¢ DELPHIIT2Gev
“all e L3z ey
Y]+ opaL st Gev
® DELPHI 161 GeV
] m L3161 Gev

[ “h ] a oPaL133Gev
“ 1 v DELPHI 133 Gev
O L3133 GeV

O OPAL9L GeV

| A DELPHI91Gev
0 "] ¢ SLD9LGeV
- & JADE # GeV
"% k| * JADE38 Gev
S %] ® JADE35Gev
=} ® JADE22 Gev
" “%4 4 JADE L4 GeV
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Tests of the DMW Model

® DMW predictions for mean values of event shapes:

NLO+DMW

$) ~
T 05 JADE | £0.14
,.,',', * JADE JADE .*. _]I_%DE
E ]A{EPH 0.12 a EE]D‘PHl
0.4 O DELPHI . 52
Ly 2 I
. »y
- 0.08
0.2 0.06
—  O@)+Power Corr. 0.04
0.1 - Ofay) only
0.02
%020 40 60 50 100 120140 160 180200 % 20 40 60 80 100 120 140 160 180200
Vs [GeV] Vs [GeV]

[These plots do not include JADE update at 14+22 GeV]

® Fits mainly constrained by JADE and LEP-| data points
® Model works here well for all variables
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o and o, from DMW Fits

Mean Values

Distributions

5! ) N
0.8 [ :
07} ]
04 [ ]
0.6 ]
[ * average ]
(e 1-T ]
05T My, M2 ]
r A BT k ]
04rv B, § 7

oCc . NN

0.08 0.1 0.12
og(M,)

Distributions fit exp. theo.

as(Myo)= 0.1126 £0.0005 £0.0037 ©

ap(2 GeV)=0.542 +0.005 +0.032 i

(.0044
0.0030

{).084
0.060

0.8 I b) :
0.7 ]
0.6 [ .
0.5 — * average ~

r ® <1-T> ]
0.4 = My ]

[ A <Bp> ]

L v <B.> ]
0.3 - .0 I<C.‘>v 1 " " 1 " 1 " -

0.1 0.11 0.12 0.13
olg(M,)
Mean Values fit exp. theo.
+0.0028

ap(2 GeV)= 0485 +0.013 +0.001 553

.06

® |ndividual results consistent within 1-2c of total errors

® o, universal at 20% |

evel

..corresponds to uncertainty of O(o?) evaluation of power corrections

(“Milan factor”)

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

Pedro A. Movilla Fernandez, LBNL



DMW vs. MC

classical method

s
L * average ]
05fS LT, :
e PT spectrum of B, M much less 2 M __ E
Ly RrYT .
squeezed by DMW model than by 04T By N
classical hadronization models 008 o1 017
Interplay between og and o, allows fit to og(M,)

choosing small o values

------ MC

compensate for “missing squeeze” by NI~
S= e i IDhll\"rl' S

® systematically lower o results from 1

power corrections for differential

distributions D .
0 0.1 0.2 0.3 Ui4T
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Power Corrections to 'y, ?

_ 1/c do/dy
® DMW: 1/Q coefficient = 0 B B ————
. S N QCDH1/Q?
® Corrections of type 1/Q?, InQ/Q? 10y
expected, but no detailed prediction 105 N
exist. 10 e o
104 ,,,,,,,,,, nn_‘ ‘1 O OPAL 161 GeV
e JADE data at 14+22 GeV would I N ) @ ora e
probably help to_detect higher order .. i3 =% N Bvna
terms more easily. w ¢ o scn
o i @ ez
1 ": 4 JADE 14 GeV
® Example: assume same NP structure 4+

but A /Q+A, /Q?dependence:

: Y3
ces (M) A [GeV]  An[GeV] xi/dol
1 pOCD 0.1147+0.0005 — — 50.7/100
PO D 0.1152+0.0005 — — 151/107
1 PQCD+A/Q 0.1124-0.0006 0.062+0.008 — 08.2/106
PO D4 Ay P 0.1133+0.0005 — 22540.18 71.2/106
pRCD+ A0/ + A /Q*  0.1128£0.0007 Q 69.7/1035

- 1/Q 1/Q2
compatible with 0 60 effect
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Color Factors from Event Shapes

~ 0Cr

%

2
~ 04C,

d,

2
‘ ﬂm_u< ‘ ~ O TN,

...relative weights of the
fundamental vertices are
determined by SU(3):

> G = 4/3
> G, = 3
> TeN.= 1/2N,

QCD color factors Shape variables have

o o
\L § other experiments
Known color structure: % \;\i
““““ E \“; §\ B
> Running of ag g
0.1
BO = BO (CA’ NF)’ 10— QCD: FS(MZ‘).:O'I.IB;EGZM‘Z?‘ u‘m 2(']0
B1=B1(CA’ CF7 NF) R Vs[GeV]
. . G A0 -
> PT prediction 10 Coroy
A < CF’ llllllllllll >
B=B(C, C. N,
NLLA = NLLA (C,, C., N.) i
> Power Corrections 4
P= P(CA’ CF’ NF) ., .’EI 3
M=MC, N) it 3
Dy = Dy(CA7 CF7 NF) "‘ " oA &t 03 1.9].:'4

DMW allows measurement
w/0 bias from color
structure of MC models

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

0.3

0.2

0.1

O0 20 40 60 80 100 120 140 160 180 200

Vs [GeV]
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Color Factors from Event Shapes (2)

LT . . .
Olll - Oll_ZS - 0I4 I(]!ﬁ ; I IIO
(M) 0o ng
Ollllll;].]lléll 0I4 LIO!GIJ JJZI.‘ ‘.'Ji-l I=|II
(M) 0o Ca
1-T —_—— —— ——
C —.— —— —.—
B, e
By e
o5 ol 0 o5 1 21 4
0g(M) Oy Cr
Fit ag and e and | Fix ey and Ny and
(Cy or Cp or Ny) | fit ag and Cy and Cp
-7 C 1_T C 0D
Ca 274202 304+06027+£0.2 30405 3
Cr|144+03 15+04(13+0.2 134+05 | 4/3
_-'""-"f 64412 494+3.0 — — 5
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25 .
e QCD fit " SUE
, | * SU(3) QCD prediction )
H SU@&)
15 | .
Cr
1| i
B SU2)
0.5 & UL |:| 68% C.L .
[ ]9swcL
Su(L)

0 P - . 1 | | |

0 1 2 3 4 5 6
C

C.= 2.84 +0.24 (QCD:3)

C,=1.29+0.18 (QCD:4/3)

® errors competitive with classical
4-jet angular correlation analyses

® need JADE data to constrain the fit
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Summary and Conclusions



Summary |

® NLO+NLLA calculations for event shapes
first time applied to PETRA data

® Better calculations gives now a consistent
picture of individual ag at PETRA energies

recent JADE results

@ Differential event shapes:
JADE: o (M )=0.119415-0982 (prel.)

LEP+SLC: @ (M )=0.121 £ 0.006
LEP2: o (M )=0.120 + 0.007

® Moments:
JADE: ocs(M )=0.1286 + 0.0072 (prel.)

z

OPAL: o (M )=0.1223 +0.0059 (prel.)

® 4-jet rate:
JADE: o (M_)=0.1169 £ 0.0026 (prel.)

OPAL: o, (M )=0.1208 + 0.0038 (prel.)

® Overall consistent picture of results from
different experiments and methods!
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DIS [pol. strct. fctn.]  —o——

DIS [Bj-SR] —e—
DIS [GLS-SR] —e—L
T-decays [LEP] 4
xF3 [v -DIS] — e
L, [e-, u-DIS] Mo
DIS [ep —> jets] —R
QQ + lattice QCD — o
Y decays R

|
€+C_ F% |—:0—|

¢" e [Ohad] ' I ®
ete[jets & shapes 14 GeV] -—:o—u
ete [jets & shapes 22 GeV]

ete [jets & shapes 35 GeV] H—O—
cte™[Opaq]
ete [jets & shapes 44 GeV] —0—
ete [jets & shapes 58 GeV] L o—

Bethke 2004, hep-ex/0407021

pp -->bb X —o0——

pp, pp >y X —0—!

o(pp --> jets) —e—

I

I'(z%--> had.) [LEP] o—

e"e [scaling. viol.] ——0—

ete” [4-jet rate] HOH

jets & shapes 91.2 GeV l—:-O—-

jets & shapes 133 GeV —o—

jets & shapes 161 GeV ——

jets & shapes 172 GeV |—o—:—|

jets & shapes 183 GeV —o—

jets & shapes 189 GeV |:—Q—|

jets & shapes 195 GeV H-O0—

jets & shapes 201 GeV 1—0—'

Jets & shapes 206 GeV =0

0. 08 0. 10 0.12 0.14

os(My)

Pedro A. Movilla Fernandez, LBNL



Summary li

® Power corrections useful to describe event shape data
from PETRA to LEP2 energies

® NP parameter o, is universal at a level of 20%

DISTFIbUTIOﬂSZ+O_OO6 10.09
o(M)=0.113 _g o5 ©(2GeV)=0.54 —0.07
Mean values:
+0.003 +0.07
%, (2GeV)
| | 1 distrbutions his analysis pretim.) | @ Njce agreement also with
v mean values DELPHT (brclimn,)
0.9 ALEPH dist. (prelim.) other measurements, but
08 clearly improved calculation
. for more observables needed
06| €€ ep ® SU(3) structure confirmed in a
e |-T A 1-T
05| m g - complementary way
A B, X p
041 By o b
03 © C * C
O EEC
0.2 Lolen

Lo b woo o b v o boww o by v by v v by g g by
0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16

a.(M.,)
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A Comment on Archiving...

® Archived data of finished experiments might be valuable
sources for future analyses:

» Was the pentaquark already visible at LEP?
» Where was the D;no resonance before BaBar?

® | ong-term maintenance of data+software of an experiment after
shutdown is a highly non-trivial task! Things to consider:

» Keep software platform independent. At least test on
different machines using different compilers.

» Provide detailed documentation.

» Which data carrier has the longest lifetime?
Are there devices available in future which can read 10 years
old data carriers? (Commercial products?)

(...recall JADE data rescue drama 1997, i.e. ~10 years after
PETRA shutdown)
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Conclusions

e JADE revival and reanalysis project established in
HEP community.

e Data and software from the JADE experiment
were successfully resurrected.

® Recent state-of-the-art analyses with JADE data
proves to be a valuable counterpart to LEP.

e Results provide new stringent test of perturbative
and non-pertrubative aspects
of Quantum Chromodynamics.

Keep the data and software alive,
it's worth it!!!
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Tracking/Calorimetry: JADE vs OPAL

Parameter JADE OPAL
; 3 overall length B m 12 m
Dimnensions :
overall height T m 12 m
st length 24 m 4 m
o outer radius 0.8 m 1.85 m
transv. momentum A 004 (.02
resolution o{p )/ B D018 00015
spatial r—ag 1B0 pma /110 pm 135 prm
resolution z 1.6 cm 4.5—f em (100—350pm)
double hit resol. 7.5 mm/2 mm 2.5 mm
Tracking gas composition , L
systom argon /methane/isobutane SHE S B S
£AS pressure 4 bar 4 bar
max. no. of hits 48 154
reachable in 083 -dw 0.73 - dm
at least 8 ?'Iit.s 0.97 - dx 0.98 - dnr
reachable in
magnetic field 048 T .445 T
energy A 0.015 0.002
resolution of £/ F B 0.04 0.063
solid angle coverage 90% 98%
angular resolution T mrad 2 mrad
radial extent, 1—1.4 m 25—28m
Electromagnetic length 3.6 m Tm
calorimetry barrel polar angle covered > 32° > 36°
radiation depth 125X,/ 15.TXy 246X,
granularity §.5% 10 cm? 10%10 em?
outer radius 0.9 m 1.8 m
endeap polar angle covered =117 >11°
radiation depth D.6X, 22X,
granularity 14514 em* 0% cm®
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MH Selection JADE vs OPAL

® Malin cuts:

Henchionstn be Cut variable JADE OPAL
suppressed
2-lepton i > 3 long tracks > 7
events and > 4 central tracks
LEFPT E’ 7
Tahoe or = 0.4 GeV (per endcap)
2-photon Evis/ /5 > 0.5 = 0.1
events Phal < 0.4 < 0.6
other | cos fr| < 0.8 < 0.9
|31,-|=.~r'f| < I'ti 1N

UCLA Experimental Particle and Nuclear Physics Seminar, Feb 16™ 2005

Pedro A. Movilla Fernandez, LBNL



PETRA versus LEP

Parameter PETRA LEP
runming period 1978 1986 1989 2000
circumferenee k| 2.3 26.7
C.OM.E.  ENETEY eV 12—46.7 G41—2010)
injection energy (eV] 7 20
tuleracbion poiols 1 1
bunches per beam . 4/8
bunch crossing [requency  [klTz] Al 15,90
particles per bunch [10%] 20 BTN
—— : e il 21 (sl 4% =91 GeV)
TR =11 Bl W
linoeity [HF e "ec ] (al +/3 = 35.0 GeV) | 50 {al +/& > 91 GeV)
bunch size A0 = 135 1.3 :
i - = 5 200 &
horta, [peon] wverl, pan]<longit.Jem)] || (al 4% = 35.0 GeV) 2esxd
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Longitudinal Cross Section ¢,

Differential cross section for inclusive hadron production:

1 d2ah

1[:1+{’:-r}ﬂ §)-Fa(z) 1[:*§|u2-|?] M ]Jr (cos 8)-Fh(x)

ransverse Jl longitudinal S esymmetric

fragmentation functions

TFiot de dicosd) 8

x= fractional particle momentum

®= /(incoming particle, outgoing hadron)

= Longitudinal part comes from gluon radiation in B ' ERa '
quark/anti-quark system

-
Y .

PR+ . S AN AP S U S I I
= Asymmetric part not considered because no £ . . IADE . Date 366 Gev
exp. distinction between quark and anti-quark £ ; j
5. 035 3 +
ore 1 3 b
/PY/V m*‘ﬁh +L+++ i+
1 {1::!"‘"]’ a ar . ) 0.20 o 3.'3(5‘ I, ](l.+|:us"B}
T - d(g - cos 8) Sﬂ L"ml [1 —deos H:] M [1 oo HJ] 0.15 >
Q.10
® measure cos(0) distribution (chrgd particles) oo i
® fit p/p,,; @and N (corrects for neutral particles) O

g-cosB
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Measurement of csL/cstot

ReSUH §f0.14 - * JADE
pL/ptot = 0.067 £ 0.011%¥+0.007°"° 0.12 A DELPHI
01 N e JETSET p:ﬂlor::
® combined 35+44 GeV analysis os o
® precision is limited by statistics of e N
data and old JADE MC samples 0.06 S,
® only measurement below Z peak . R
. L 2
Ly _ o5 as 0.02
ﬂ (fTLnL]PT T +S-444(1‘T]
0 20 30 40 50 60 80 100 . L:FI()}OV
o, (36.6 GeV) = 0.150 + 0.020°®" +0.013%°+0.008%2* -
® Power corrections: oL _ (”L] N
o, (M)  =0.126+0.025 ot Ttot oy
r A
o (2GeV) = 0.3 £0.3 Qo * 75 " (Colir) — as(i) + O(a3))

® Uncertainty can be significantly
reduced by considering newly
generated JADE MC samples
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Particle Momentum Spectra

Uncorrected x spectra

Test (SOft) QCD predictions for hadron (data vs. and detector MC)
momentum spectra x=2p/Vs, E=-In(x) Ny -
L, 14 GeV ]
Theoretical input N : (1981) 1 Pythia
Next-to-Leading-Log Approximation (NLLA) | w0 _{___f_-Jet_se(ti(J)
(coherence effects, angular ordering) ol ﬁgaw inge
+ f By
Local Parton Hadron Duality (LPHD) T
> properties of partons at the end of parton shower 0" ¢ (1986)
similar to those of hadrons 0l
> hadronization affects only normalization but 73?
not shape of the spectra O -
104;7 —— ::1‘:"‘ | 7
@ oy 44 GeV | track
. (1985) ] reconstruction
® shape around peak of & distribution 0] q
s dependence . T
o effects of heavy quarks 0 03 x(ih)
P
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Prediction for In(1/x)

Fong-Webber parametrization: skewed Gaussian

] '\ wW/0 coherence

P Y

® includes soft gluon coherence effects

® sgspectrum is softer w/o coherence

6=(—(8)/o
E-& ~(1142N)/(32*9C,)

Y=In(Vs/2A_)

N= normalization factor related to chrgd multiplicity

(€): mean value

S,: Peak position dependent
S : width <«— onYand QCD
S : skewness color factors
k : kurtosis
N P A . _w
€y = ¢&y)) = 9 (l+ 24 _{:f}”) b y] +O(1)
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v

3 e

6 combmed & corrected data 35 GeV

i statistic; lerrID]:s

* total errors

.' ¢ fit range

:::-l -’
Fe E
e Le
Le
1 R .
- e
.. " .
.
*
0 TS W ST TN NN S SO S TN N ST ST ST NS SO S S M LT P

0 1 2 3 4‘5"6

€

Vs, NG "/dE)

soft region
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Test of Fong-Webber Predictions

3 simultaneous fit variables: JADE PRELIMINARY
N Fong-Webber prediction j stk oree
A, Nand § or & 9 P \ e
>
or O(1)
=~ 0ls
(€), & and N depend on Vs, A_, and O(1) constant b . w { {
common £ description s \ L e
2o [ Paot=oosr Z s
® JADE B
is A =(0.206 = 0.003) GeV 10 E )
' H OPAL 3k i
4 Y - fffﬁ””f -
.75 :
35 o ]’ i
5 ! |
3
i | E,()="2Y+(CY)” +C + O(Y ) s
fﬁ
-
2 DT : 25 .
22 a5 44
\s (GeV) NS

Good description of spectra & energy dependence
A_=206+15113%Y° MeV
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Flavor Dependence

® write &, (Vs) as linear combination of peak w o
positions £,@ (\s) for flavour g, weighted
with branching ratio f,(Vs)
® £ D -E 1) o 0.5 |n (Al Alds)) 0";
= energy evolution is flavor dependent dsb
® fix £ uds) £ ©F © with OPAL data @ Vs=M, 0
® fit AU AG AL Vs
flavour dependent description of §0
S [ dei-oaz s
Ayg.=(0.184 + 0.032)GeV 4 yapg
A =(0.239 = 0.090) GeV
451 A, =(0247 + 0.028)GeV  .opar
Mass effects about 20-30% s

Alds) = 184+32 MeV
A© = 239+90 MeV ;
A = 247+28 MeV

preliminary

2
10

Vs (GeV)
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Performance ¢ JADE
LG Calorimeter ﬂi““£:

dN/N dN/N Herwig
o2 F - 7 02 - . 7
Example: |
N,, ENs, p, ™9A's >
A / ’ ptot o - =
14 GeV
g (198 1)
@ o 08 ~
0.15 |
0.1
o1
0.1
o.0s
0.05 35 GeV
(1982
o o 0
0.15 |
0.15 =
0.1
0.1 -
W= 005 i 35 GeV
(1986)
o ] 0
.15 i
ol ouls - 3
0.1 -
0.03
0.05 0.05 44 GeV
(1985)
o 0 0 G |
0 0.2 04
pt"""]hrs
1o
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Renormalization Scale Dependence

22 GeV

By

0.15F

01F"

31 eusE

® NLO+NLLA: reduced x, dependence around x =1 compared to NLO
> ocs(\/s,xu=1) more consistent than in NLO case

> But: sizable o dependence around x =1 still present
® Pure NLO: Preference for small x (°°V = O(0.01...0.5)
scale dependence around x (°°Y sometimes smaller, but...

less consistent individual results
(as,X,) fits not always stable, large statistical errors

v

v

v

v

no strong theoretical arguments for the choice x = x P
= have to consider both ag(\s, x,=x °*?) and o(Vs, X, =1)
NLO+NLLA @ x,=1 seems to be the “natural” choice
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